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CONTROL OF URGE rNCONTTNF.vre 
FIELD OF THE INVENTION 
The present invention relares generally to medical electronic devices, and specifically to 
implantable electrical devices for treatment of urge incontinence. 

BACKGROUND OF THE INVENTION 
Urinary incontinence affects miUicns of people, causing discomfort and embarrassment, 
sometimes to the point of social isolation. In the United States, it is estimated that 10-13 million 
patients seek medical care for incontinence each year. 

Urge incontinence is a common type of urinary incontinence, in which a sudden, urgent 
need to pass urine causes involuntary urination before the patient can get to a toilet. Urge 
incontinence may be caused by damage to nerve pathways from the brain to the bladder or by 
psychosomatic factors, leading to involuntary bladder contraction. Urge and stress incontinence 
may also occur together, particularly in older women, 

A large variety Df products and treatment methods are available for personal and medical 
care of incontinence. Most patients suffering from mild to moderate incontinence use diapers or 
disposable absorbent pads. These products are not sufficiently absorbent to be effective in 
severe cases. They are uncomfortable to wear, and cause skin irritation, as well as unpleasant 
odors. Other non-surgical products for controlling incontinence include urethral inserts (or 
plugs), externally-wom adhesive patches, and drugs. 

Exercise and behavioral training are also effective in some cases in rehabilitating pelvic 
muscles and thus reducing or resolving incontinence. Patients are taught to perform Kegel 
exercises to strengthen their pelvic muscles, which may be combined with electrical stimulation 
of the pelvic floor. Electromyographic biofeedback may also be provided to give the patients an 
indication as to the effectiveness of their muscular exertions. But retraining muscles is not 
possible or fully effective for most patients, particularly when there may be neurological damage 
or when other pathologies may be involved. 

Medtronic Neurological, of Columbia Heights, Minnesota, produces a device known as 
Interstim for treatment of urge incontinence. Interstim uses an implantable pulse generator, 
which is surgically implanted in the lower abdomen and wired to nerves near the sacrum (the 
bone at the base of the spine) in a major surgical procedure - sometimes six hours under general 
anesthesia. Electrical impulses are then transmitted continuously to a sacral nerve that controls 
urinary voiding. The continuous electrical stimulation of the ne™ e has been found to reduce or 
eliminate urge incontinence in some patients. The batteries in the pulse generator must be 
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replaced every 5-10 years. The strength and frequency of nerve stimulation are programmable, 
allowing the treatment to be tailored to the patient, and a hand-held programming device is 
available for this purpose. 

U.S. Parent 4,607,639, which is incorporated herein by reference, describes a method for 
5 controlling bladder function by nerve stimulation* typicaJly of a sacral nerve. The anatomical 
location of at least one nerve controlling the muscles for the bladder and/or its sphincter is 
identified, and an electrode is placed on the nerve to selectively stimulate the nerve for 
continence and evacuation purposes. The electrode can be implanted in a patient either 
surgically or percutaneously and may be either removed after neurostiraulation has achieved the 
1 0 desired result or may be left intact on the nerve for selective stimulation thereof. Further aspects 
and applications of these techniques are described in U.S. Patent 4,739,764, U.S. Patent 
5^4S4 v 445 describes a system for anchoring a lead to the sacrum for purposes of long-term 
stimulation, tj'picaUy for treatment of incontinence. Both of these patents are also incorporated 
herein by reference. 

15 U.S. Patent 3,628,538, which is incorporated herein by reference, describes apparatus for 

stimulating a muscle, using an electro myogram (EMG) signal seased in the muscle. If the signal 
is greater than a threshold value, a stimulator circuit applies a voltage to electrodes adjacent to 
the muscle. The apparatus i$ said to be useful in overcoming incontinence. 

Various types of electrodes have been proposed for applying electrical stimulation to 

20 pelvic muscles so as to prsvenr unwanted urine flow through the urethra. For eoqunple, U.S. 
Patent 5,562,717 describes electrodes that are placed on the body surface, typically in the areas 
of the perineum and the sacrum, and are electrically actuated to control incontinence. U.S. 
Patent 4,7S5,82S describes a vaginal plug having electrodes on an outer surface thereof. A pulse 
generator in the plug applies electrical pulses to the electrodes so as to constrict che pelvic 

25 muscles and prevent urine flow, U.S. Patent 4,153,059 describes an intra-anal electrode, to 
which repetitive electrical pulses are applied in order to control urinary incontinence. U.S. 
Patent 4,106,511 similarly describes an electrical stimulator in the form of a plug for insertion 
into the vagina or the anus. U.S. Patent 3,866,613 describes a pessary ring having two 
electrodes thereon, which are energized ro control incontinence. All of the above-mentioned 

3 0 patents are incorporated herein by reference. 

U.S. Patent 4,5S0 T 57S, which is also incorporated herein by reference, describes a device 

for stimulating the sphincter muscles controlling the bladder. A supporting body is fitted into the 

paii$nt*s vulva between the labia, so that two electrodes attached to the supporting body contact 
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the epidermal surface on either side of the externa! urethral orifice. Electrical impulses are 
applied to the electrodes to stimulate the region of the sphincter. 

A bcok entitled Urinary Incontinence, edited by P. ODonnefl. Mosby Publishers, 1997, 
which is incorporated herein by reference, describes clinical aspects relating ;o the diagnosis and 
5 treatment of urinary incontinence. 

SUMMARY OF THE INVENTION 
It is an object of some aspects of the present invention to provide an improved device 
and method of treatment for incontinence, particularly urinary urge incontinence. 

It is a further object of some aspects of the present invention to provide a device and 
1 0 method for enhancing function of muscles, particularly those associated with urine control. 

In preferred embodiments of the present invention, a device for treatment of urinary 
incontinence comprises a control unit, one or more electrodes coupled to the control unit, and 
one. or more optional sensors, also coupled to the control unit. Typically, but not necessarily, 
the device is used to treat urge incontinence. The electrode or electrodes are preferably 
implanted in the pelvic region of a patient so as to contact the one or more of the muscles or 
nerves that are used in regulating urine flow from the bladder. The control unit is preferably 
implanted under the skin of the abdomen or genital region, and receives signals from the 
electrodes and/or from the sensors. When the control unit determines that the signals are 
indicative of impending involuntary urine flow from the bladder, it applies a suitable electrical 
2 0 waveform to the electrode or electrodes, stimulating the contacted muscle or nerve to inhibit the 
urine flow. 

In some preferred embodiments of the preseni invention, the electrodes are coupled to 
sense electromyogram (EMC) signals and/or to apply electrical stimulation to the detrusor 
muscle. The detrusor is responsible for bladder contraction and is believed to have a major role 
in causing, as well as relieving, urge Incontinence. Although MedtrxjiuVs Interstim nerve 
stimulator attempts to regulate detrusor contraction, it requires costly, major abdominal surgery 
for implantation. Preferred embodiments of the present invention offer a solution that is less 
invasive and lower in cost. Typically, in contrast to the Intersrim stimulator, devices j n 
accordance with preferred embodiments of the present invention actuate the electrodes to 
mediate urge incontinence only when physiological signals indicate thai such mediation is 
needed. Numerous benefits are accrued, according to these embodiments, by actuating the 
electrodes only "on-demand." i.e., only when possible imminent incontinence is detected. For 
example, muscle fatigue and nerve irritation -both phenomena being associated with continuous 
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excitation-- are reduced or eliminated according to these embodiments. Additionally, power 
consumption is reduced, and battery life is thereby increased by limiting the electrical power 
output of the stimulator. Further additionally, safety may be increased, by decreasing the time 
during which possibly errant stimulation might cause a pelvic or non-peivic muscle to contract 
inappropriately. In other preferred embodiments of the present invention, however, the device 
may be configured to provide continuous stimulation. 

Preferably, the electrodes sre implanted so to stimulate muscles of the pelvic floor. 
Alternatively or additionally, one or more of the electrodes may be implanted in or adiacent to 
the detrusor muscle or in a position suitable for stimulating a nerve, such as the sacrai nerve, 
which controls detrusor function, as described in the above-mentioned U.S. Patent 4,607,639, 
for example. 

In some preferred embodiments of the present invention, the one or more electrodes 
comprise a single electrode, which both receives the EMG signals and applies the stimulation 
waveform. Alternatively, separate $en 5 ing and stimulation electrodes may be used. 

In further preferred embodiments of the present invention, the sensors comprise one or 
more physiological sensors, such as pressure, force, motion or acceleration sensors, or Art 
ultrasound transducer, which are preferably implanted on, in or in the vicinity of the bladder. 
The other sensors generate signals responsive to motion or to intravesical or abdominal pressure, 
or to urine volume in the bladder. These signals are thus indicative of possible incontinence. On 
the other hand, when the urine volume in the bladder is low, there will be no urine flow even 
when the abdominal pressure doe$ increase. The control unit processes the signals from the 
other sensors and uses them to determine when the electrical stimulation should be applied. 

Preferably, the control unit comprises a processor, which is programmed to distinguish 
between signals indicative of possible incontinence and other signals that do not warrant 
stimulation of the muscles. In particular, the processor is programmed to recognize signal 
patterns indicative of normal voiding, and does not stimulate rhe muscles when Such patterns 
occur, so that the patient can pass urine normally. Preferably, in order to reduce consumption of 
electrical power, the control unit comprises a low-power, low-speed processor, which monitors 
the EMG signals continuously, and a high-speed processor, which turns on only when the 
low-speed portion detects an increase in EMG activity. The high-speed portion performs an 
accurate analysis of the signals to determine whether stimulation is actually warranted. 

In a preferred embodiment of the present invention, the processor is programmable after 

implantation of the device most preferably by means of a wireless communications link, so that 

4 
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the strength and shape of the stimulation wayefcrm and the response of ihe device to the 
electromyographic and/or orher physiologies signzl* can be adjusted in response to the patient's 
clinical characteristics and experience with the device. The wireless link can also be used bv the 
patient to turn the device on or off. Such methods of signal processing, programming and 
5 control, as well as other useful methods and apparatus, are described in a U.S. patent application 
entitled "Incontinence Treatment Device," which is assigned to the assignee of the present patent 
application and is incorporated herein by reference. 

Although preferred embodiments of the present invention are described with reference to 
treatment of urinaiy incontinence, particularly urge incontinence, it will be appreciated that the 
principles of the present invention may be applied as well to treat other types of incontinence 
such as fecal incontinence, and to treat and enhance the function of other muscles in the body' 
Alternatively or additionally, principles of the present invention may be applied to treating 
constipation or pathological retenuon of urine, typically by stimulating some muscles to contract 
(e.g., muscles of the colon), while stimulating some parasympathetic nerves to induce relaxation 
of other muscles (e.g., the muscles of the anus). These applications of the invention may be 
particularly useful following spinal cord injury. 

There is therefore provided, in accordance with a preferred embodiment of the present 
invention, a device for treatment of urinary incontinence, including: 

a sensor, which generates a signal responsive to a physiological characteristic indicative 
of a likelihood of incontinence: 

a control unit, which receives the signal from the sensor; and 

« least one electrode, implanted in a patient and coupled to cause contraction of a pelvic 
muscle of the patient responsive to application of electrical energy to the electrode to which 
electrode the control unit applies an eIeC trical waveform responsive to the signal so as to inhibit 
the 

incontinence. 

In a preferred embodiment, the control unit analyzes the sensor signal to determine a 
tune of voiding, and appUes the ^ & ^ ^ 

the time of voiding. 

Preferably, the urinary incontinence includes urinary urge incontinence. 

In a preferred embodiment, the control unit is implanted in a vicinity of the patient's 
sacral spine. 

Preferably, the electrode is implanted in the pelvic muscle of the patient Further 
preferably, the pdvic muscle includes a peivic floor muscle. Most preferably, the pelvic muscle 
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includes die levator ani muscle cr the urethral sphincter muscle, or, alternatively, the pelvic 
muscle is adjacent to the urethral sphincter muscle. 

In a preferred embodiment, the electrode includes a single unipolar electrode or a pair of 
bipolar electrodes. Alternatively or additionally, the electrode includes a flexible intra-muscular 
electrode. 

Preferably, the control unit receives data indicative of a fill level of the patient's bladder 
and, responsive to the data, does not apply the electrical waveform when the £13 level of the 
bladder is low, even when the signal generated by the sensor is indicative of uivoiuntary 
urination. 

In a preferred embodiment, the sensor includes a pressure sensor, an acceleration sensor, 
and/or an ultrasound transducer. 

In a preferred embodiment, the electrode is electrically coupled to a nerve which 
innervates the pelvic muscle. 

Preferably, the sensor includes a detecting electrode, and the signal includes an 
electromyographic (EMG) signaJ generated by the detecting electrode. In a preferred 
embodiment, the control unit applies the electrical waveform responsive to an average magnitude 
of the EMG signal, preferably responsive to the average magnitude of the EMG signal exceeding 
a designated threshold. 

Preferably, the at least one electrode includes a detecting electrode, and the sensor 
includes the detecting electrode. In a preferred embodiment, the device includes a switch 
between the detecting electrode and an input of the control unit, which switch is opened when 
the electrical waveform is applied so as to prevent feedback from the detecting electrode to the 
input. 

In a preferred embodiment, the electrode is electrically coupled to a nerve which 
innervates the pelvic muscle. Preferably, the nerve includes a sacral nerve. 

Preferably, the control unit is implanted in the body of the patient and includes a 
rechargeable power source. In a prefejxed embodiment the power source is recharged by 
inductive energy transfer, substantially xvithout requiring electrical contact between the control 
unit and any object outside the patient's body. 

Further preferably, the control unit includes a processor, which analyzes the signal so as 
to determine when an Involuntary urine flow is likely, whereupon the waveform is applied. In a 
preferred embodiment, the processor analyzes the signal at a sample rate substantially greater 
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than 1000 Hz. Preferably, the processor's analysis uses spectral analysis, and is performed on 
substantially noii-reciiried data. 

Still further preferably, the processor is prograrnmabJe to vary one or more parameters 
associated with the appiicarion of the waveform. In a preferred embodiment, the device includes 
a wireless receiver, which receives data for programming the processor from a programming unit 
outside the patient's body. 

Preferably, the processor includes a first processor, which analyzes the signal 
substantially continuously at a low data analysis rate, and a second processor, which is actuated 
by the first processor to analyze the signal at a high data analysis rate when the first processor 
determines that involuntary urine flow is likely to occur. Further preferably, the device includes 
a queue, in which the signal is stored before the second processor is actuated, and from which 
queue the signal received by the control unit prior to actuation of the second processor is passed 
to the second processor for analysis. 

Preferably, the processor distinguishes between a signal indicative of an involuntary urine 
flow and a signal indicative of voluntary voiding by the patient. In a preferred embodiment, the 
processor distinguishes between the signal indicative of involuntary urine flow and the signal 
indicative of voluntary voiding by the patient responsive to a rate of change of the signal 
generated by the sensor. 

In a preferred embodiment, the processor gathers information regarding the signal over 
an extended period and analyzes the information to find a pattern characteristic of the patient, for 
use in detennining when an involuntary urine flow is likely. The pattern may include a 
time-varying threshold to which a level of the signal is compared. 

There is further provided, in accordance with a preferred embodiment of the present 
invendcn, a device for treatment of urinary incontinence in a patient, including: 

a sensor, which is coupled to generate a signal responsive to a fill level of the patient's 
bladder and 

a control unit, which receives and analyzes the signal so as to determine a fill level of the 
bladder and. responsive to the determination, applies electrical stimulation to cause the 
contraction of a pelvic muscle of the patient, so as to inhibit the urinary incontinence when the 
30 fill level of the bladder is above a threshold level. 

Preferably, the incontinence includes urge incontinence. Alternatively or additionally, the 
incontinence includes stress incontinence. 
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Preferably, she device includes an electrode, which is placed in electrical contact with a 
nerve which innervates the pelvic muscle, and the stimulation includes an electrical waveform 
applied to the electrode so as to stimuiace the nerve to cause the muscle to contract, thereby 
inhibiting the incontinence. Alternatively or additionally, the device includes an electrode, which 
is placed in electrical contact with the pelvic muscle of the patient, wherein the stimulation 
includes an electrical waveform applied to the electrode so as to stimulate the muscle to 
contract, thereby inhibiting the incontinence. 

Preferably, the control urir receives a signal indicative of a likelihood of involuntary 
urination and applies the stimulation to the pelvic muscle responsive to the likelihood except 
when the fill level of the bladder is below the threshold level. In a preferred embodiment, the 
sensor includes an electrode, which is placed in electrical contact with the pelvic muscle of the 
patient to receive an electromyogram signal therefrom indicative of the likelihood of involuntary 
urination and of ihe fill level. 

There is still further provided, in accordance with a preferred embodiment of the present 
invention, a device for treatment of urinary incontinence, including; 

at least one electrode, which is coupled to a pelvic muscle of a patient; and 
a control unit, which receives electramyagram signals from the electrode indicative of 
possible imminent incontinence, and which determines a threshold signal level that varies over 
time responsive to a condition of the patient, and which, responsive to a transient increase in the 
electromyogram signal above the threshold level, applies an electrical waveferm to stimulate the 
muscle to contract, so as to inhibit the incontinence. 

Preferably, the control unit applies the waveform to the electrode. 

In a prsferred embodiment, the device includes a second electrode, coupled to a nerve 
which innervates the pelvic muscle, and the control unit applies the waveform to the second 
electrode to cause contraction of the muscle. 

Preferably, the threshold signal level varies over time responsive to temporal variation Of 
a mean value of the electromyogram signal. Alternatively or additionally, the threshold signal 
level increases responsive to time elapsed since the patient last passed urine. Further 
alternatively or additionaJly, the threshold signal level increases responsive to an increase m a fill 
level of the patient's bladder. 

There is yet further provided, in accordance with a preferred embodiment of the present 
invention, a device for treatment of urinary incontinence, including: 
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at least one electrode, which is placed in electrical conract with a pelvic muscle of a 
patieat; and 

a control unit, which receives electromyogram signals from the electrode and, responsive 
to a rate of change of the signals indicative of possible imminent incontiner.ee, applies an 
electrical waveform which stimulates the muscle to contract, so as to inhibit the incontinence. 

Preferably, when the rate of change is below a threshold rate, the control unit withholds 
the waveform, so as ro allow voluntary voiding. 

There is also provided, in accordance with a preferred embodiment of the present 
invention, a device for treatment of urinary incontinence, including: 

at least one electrode, which is placed in electrical contact with a pelvic muscle of a 
patient; and 

a control unit, which receives signals indicative of impending urine flow, and 
distinguishes signals indicative of possible imminent incontinence from signals indicative of 
voluntary voiding by the patient, and responsive thereto applies an electrical waveform to the 
electrode which stimulates the muscle to contract, so as to inhibit incontinence. 

In a preferred embodiment, the control unit distinguishes between the signals indicative 
of incontinence and the signals indicative of voluntary voiding by the patient responsive to a rate 
of change of the received signals. 

Preferably, the control unit distinguishes between the signals indicative of incontinence 
and the sisals indicative of voluntary voiding, substantially without application of an input to 
the control unit from outside the patient's body. 

In a preferred embodiment, the control unit gathers information regarding the signals 
over an extended period and analyzes the information to find a pattern characteristic of the 
patient, for use in determining when incontinence is likely. Preferably, the pattern includes a 
2 5 time-varying threshold to which a level of the signals is compared. 

There is additionally provided, in accordance with a preferred embodiment of the present 
invention, a device for treatment of urinary incontinence, including: 

at least one electrode, coupled to cause contraction of a pelvic muscle of 4 patient 
responsive to application of electrical energy to the electrode; and 

a control unit, which receives at a sample rate substantially greater than 1000 Hz signals 
indicative of possible imminent incontinence, analyzes the signals so as to determine when the 
incontinence is likely, and, responsive thereto, applies an electrical waveform to the electrode 
which causes the muscle to contract, so es to inhibit the incontinence. 
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There is still additional provided, in accordance with a preferred embodiment of the 
present invention, a device for treatment of urinary incontinence, including: 

at least one electrode, coupled to cause contraction of a pelvic muscle of a patient 
responsive to application of electrical energy to the electrode; 
5 a first processor, which receives signals indicative cf a likeiihood of imminent 

incontinence and analyzes the signals substantially continuously at a Jow data analysis rare; and 

a second processor, which, responsive to a determination fay the first processor that 
incontinence is imminent is actuated by the first processor to analyze the signals at a high data 
analysis rale and responsive to the analysis at the high data rate, applies an electrical waveform 
10 to the electrode which stimulates :he muscle to contract, so as to inhibit the incontinence. 

Preferably, the device includes a queue, in which the signals are stored before the second 
processor is actuated, and from which queue signals received by the first processor prior to 
actuation of the second processor are passed to the second processor for analysis. 

There is yet additionally provided, in accordance with a preferred embodiment of the 
present invention, a method for treatment of urinary incontinence, including: 

coupling an electrode to cause contraction of a pelvic muscle of a patient responsive to 
application of electrical energy to the electrode; 

receiving a signal from the patient's tody indicative of impending urine flow; 
analyzing the received signal to distinguish between a signal indicating that incontinence 
20 is likely and another signal indicative of voluntary voiding; and 

responsive to the analysis, applying an electrical waveform to the electrode, which 
stimulates the muscle to contract so as to inhibit incontinence. 

In a preferred embodiment, distinguishing between the signals includes gathering 
information regarding the received signal over an e«ended period and analyzing the information 
to detect a pattern characteristic of the patient, for use b determining when incontinence is 
likely. In a preferred embodiment, the pattern includes a time-varying threshold to which a level 
of the received signal is compared. 

There is further provided, in accordance with a preferred embodiment of the present 
invention, a method for treatment of urinary incontinence, including: 

coupling an electrode to cause contraction of a pelvic muscle of a patient responsive to 
apphcation of electrical energy to the electrode; 

receiving at a sample rate substantially greater than 10OO Hz signals indicative of 
imminent urination; 
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analysing the sisnais so as to determine when incontinence is likely; and 
_ responsive to the analysts, applying an electrical waveform t0 " me electrod . 
stimulates the muscle to contract so as to inhibit incontinence. 

Preferably, analyzing includes distinguishing between a signal indicating that involuntary 
5 urtne flow is likely and another signal indicative of voluntary vcidbe. 

There is S -JU &nher provided, in accordance with a preferred embodiment of the present 
pennon, a method for treatment of urinary stress mcontinence of a patient, including- 

-planting an electrode so as to cause contraction of a pelvic muscle of a patifint 
responsive to application of electrical energy to the electrode; 
0 receiving a signal from the patient's body indicative of imminent incontinence; and 

responsive to the signal, applying an electrical wa veW to the electrode which 
stimulates the muscle to contract so as to inhibit incontinence. 

I» a preferred embodiment, implanting the electrode includes implanting the electrode in 
the pelv, muscle. Alternatively or addttionaily, implanting the electrode includes iinplaaiing 
> an electrode in proximity to the urethral sphincter muscle. 

Preferably, applying the waveform includes varying aparameter of the waveform selected 
from the group consisting of: amplitude, frequency, duration, wave shape and duty cycle 
Alternatively or additionally, applying the wave*™ indudes applying a pulse burst. Further 
a^vely or additional a Ppl ying the waveform includes applying a waveform t0 the 
^crrode . a unipofcr mod . Still nirtfaer alternatively or additionally. implaiuing the cIectrodft 
-lodes placing at least two electrodes in electrical contact with the muscle, and app ,yi rg 
wave W includes applying a waveform between the electrodes in a bipolar mode 

In a preferred embodiment, receiving the signal includes receiving a signal indicative of 
pressure on the patient's bladder and/or indicative of motion of the patient's bladder 

Preferably, receiving the signal includes receiving an electromyographic (EMG) signal 

*^ ™«*» Eludes applying the waveform at a designated time interval subse quea . 
to the trrne of voiding. 4 

In a preferred embodiment, implanting the electrode includes coupling the electrode co a 
nerve wmcfa urates the pelvic muscle. Preferabiy, the r.erve includes a sacral nerve 

bind* Pr ? rab,y ' meth ° d indUdfiS reCeMnS a Si$nal of a 611 *vel of the patient's 

T ^ ^ e,GCtriCaJ W3Vef °™ * reform responsivTr 

* -1 Further preferably, applying the waveform responsive r 0 the « J 
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withholding application of the waveform when the fill level is low, notwithstanding the signal 
received indicative of abdominal stress. 

There is stiil further provided, in accordance with a preferred embodiment of the present 
invention, a method for treatment of urinary incontinence, including; 
S receiving a signal indicative Of a fill level of a patient's bladder, and 

applying stimulation to a pelvic muscle of the patient when the fill level of the bladder is 
above a threshold level, so as to inhibit incontinence. 

Preferably, applying the stimulation includes applying an electrical waveform to an 
electrode in contact with the pelvic muscle, thereby stimulating the muscle to contract and 
C inhibiting incontinence. 

In a preferred embodiment, the method includes receiving a further signal indicative of a 
likelihood of imminent incontinence, wherein applying the stimulation includes applying 
stimulation responsive to the likelihood except when the fill level of the bladder is below the 
threshold level. Preferably, receiving the signal includes receiving an electromyogram signal 
5 from an electrode in contact with the pelvic muscle, wherein the signal is indicative of the 
likelihood of imminent incontinence and of the fill level. 

There is yet further provided, in accordance with a preferred embodiment of the present 
invention, a method for treatment of urinary incontinence, including: 

coupling an electrode to cause contraction of a pelvic muscle of a patient responsive to 
application of electrical energy to the electrode; 

receiving electromyogram signals from the electrode indicative of a likelihood of 
imminent incontinence; 

detennming a threshold level of the signals that varies over time responsive co a 
condition of the patient; and 

responsive to a transient increase in the signals above the threshold level, applying an 
electrical waveform to the electrode which stimulates the muscle to contract, so as to inhibit 
incontinence. 

In a preferred embodiment, determining the threshold level includes determining a level 
that varies over time responsive to temporal variation of a mean value of the decrromyogram 
signals. Alternatively or additionally, determining the threshold level includes increasing the 
threshold level responsive to time elapsed since the patient last passed urine. Further 
alternatively or additionally, determining the threshold level includes increasing the threshold 
level responsive to an increase in a fill level of the patient's bladder 

12 
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There is also provided, in accordance with a preferred embodiment of the present 
invention, a method for treatment of urinary incontinence, including: 

coupling an eiecrrode to cause connection of a pelvic muscle of a patient responsive to 
application of electrical energy ro the electrode; 

receiving deciromyogram signals from the electrode indicative of a likelihood of 
imminent incontinence; 

determining a rate of change of the signals; and 

responsive to the rate- of change, applying an electrical waveform to the electrode which 
stimulates the muscle to contract so as to inhibit incontinence. 

Preferably, applying the waveform includes applying a waveform when the rate of change 
is above a threshold rate, and includes withholding the waveform when the rate of chanee is 
below the threshold rate, so as to allow voluntary voiding. 

The present invention will be more fully understood from the following detailed 
description of the preferred embodiments thereof, taken together with the drawings in which; 
BRIEF ^DESCRIPTION OF THE D]&A WINGS 
Fig. 1 is a schematic, pictorial view of an implantable device for prevention of urge 
incontinence, in accordance with a preferred embodiment of the present invention; 

Fig, 2A is a schematic, partly sectional illustration showing implantation of the device of 
Fig. 1 in the pelvis of a patient, in accordance with a preferred embodiment of the present 
invenrion; 

Fig. 2B ts a schematic, partly sectional illustration showing implantation of the device of 
Fig. 1 in the pelvis of a patient, in accordance with another preferred embodiment of the present 
invention: 

Fig. 3 is a schematic block diagram illustrating circuitry used in an implantable muscle 
Stimulation device, in accordance with a preferred embodiment of the present invention; 

Fig. 4 is a schematic block diagram illustrating circuitry used in an implantable muscle 
stimulation device, in accordance with another preferred embodiment Of the present invention; 

Fig. 5 is a schematic block diagram illustrating signal processing circuitry for analyzing 
dectrornyogram signals, in accordance with a preferred embodiment of the present invention; 

Figs. 6, 7, and S are graphs showing simulated and measured signals, representative of 
different aspects of use of an implantable muscle stimulation device, in accordance with a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED ElMBODCME^TS 
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I. Overview of Preferred Embodiments 

A. General descriprion of stimulator device 

B. Sensing and control functions of rhe device 

C. Signal processing 

5 D. Power consumption control 

IL Derailed Description of Figures 

A. External elements of a stimulator device 
E. Anatomical and surgical considerations 
C Signal processing 
0 (0 hardware and algorithms 

(u> simulation of a typical EMG 

fiii) experimentally measured EMG signals: distinguishing incontinence 

from voluntary voiding 
D, Muscle stimulation 
3 E. Provision of power to the control unit 

F. External communication with rhe control unit 

G. Utilization of Other sensors 

H. Reduction of power consumption 
I Overview of Preferred Embodiments 

A. General description of stimulator device 

Various aspects of the present invention arc described in this section (I) and in greater 
detail in the following section (II). As described with reference to the preferred embodiment 
shown in Fig. I, an electronic stimulator device is preferably implanted in the genital region of a 
patient and stimulates one or more of the muscles or nerves in the region, so as to control and 
treat urinary incontinence, typically urge incontinence. Preferably, imminent urge incontinence 
generates an electromyographic (EMG) signal in the muscles, which is sensed by one or more 
electrodes and is analyzed by a control unit of the device. Alternatively or additionally, 
non-elecrromyographic signals are received and analyzed by the control unit. When the control 
unit determines that the signals are indicative of a condition, such as an increase in abdominal or 
intravesical pressure., that is likely to cause involuntary urine flow from the bladder, it applies an 
electrical waveform to the one or more electrodes, to stimulate a pelvic muscle to contract and 
thus to inhibit the urine flow. 

B- Sensing and control functions of the device 

14 
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In addition ,0 HMD sensing electrodes, the device preferaMy abo compriMS ^ or 
other pnystological sensors, d « cribed hcremhelow with referaKt t0 p K aa 2B , 
which genets ^ respoa!iva Mi &f ^ ^ ^ ^ Qmimi V- ■ 

Typtcajty, when tht ame V0|UMe t ^ b!adder . s , oWi there ^ ^ ^ ^ fi<;w ^ 
*don™u pressure does inora.se. Asdesoribedtvhhr^eneetoaphn^ytfaa^ 

r 1 ™ prcftral " > ' process8s ,h ° sisna,s from *• ^ — « - — *» » d**. 

when the electrical station should be applied to the muscles. 
C Signal processing 

10 Prefer, te coomJ , un!l comprises , ^ ^ ^ ^ 

Frgs. 3 end 4, which is programmed to distkguish between signals indicative of possible 
•neooonence and other ^ ltat do „ waIraiu ^oon rf , ^ ^ ^ 
panrcular. the pressor is preferably proved to recognize signal patterns indicative of 
nosmal voiding, and does not sthuulate the muscles when such patterns occur, so that the patient 
can pas, urine nomad,,. Detecdon of norma, voiding la described in mora de.au with reference 
0 Etgs. 7 and S. r re ferab,y. the processor both long-term and short-term variations in 

* We " * S S P« ral f""-. P^ents of change in the sign** m*. 

preferably, in response ,o the anaiysis, the processor sec* a threshold of an aspect of the EMG 

«6»al that vattas over time responsive to an lament of me paWs physiological condhion 
* PPto "* S,lrauW ° n °* »*» ' variation in me aspect of the EMG staal' 

exceeds me mreshoid. Methods for modifying ma threshold in real tima are described Z 

reference to Fig. 6. 

In the context of the present paten, apphcadon and in the alaima, a "time-vandng 
threshold- ,s to be understood as aomprisina substantial* any appropriate time-varying detection 
™ *« > P— «" ^ the art, bavin, read the dilute of the presan, aatent 
apphcanon, would consider useud in applying the principles of the present invention. By way of 
and not Umnanon. mase rime-var.mg deteedon parameters may include magnmLe 

" °* 5r ° f * e EMG *">• «—*•» ultrasound, pressure, or acceleration 

measurements, as described herein. 

30 Power consumption control 

.ow-apeed proaessor. ^iab monitors the EMG and/or sensor si 5ral s aontinuous.y, and 
hlgh-spead processor, which arms on ooiy -whan the low-spead proaessor de-.ee an mere,, in 
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EMC or other activity. Use of the two processors has been shown to significantly reduce 
consumption of electrical power. The high-speed processor perform* an accurate analysis of the 
signals to determine whether stimulation is actually warranted. 
17. Detailed Description of Figures 
~ A. External elements of a stimulator device 

Reference is now made to Fig. I, which is a schematic, pictorial illustration of an 
implantable electronic stimulator device 20, in accordance with a preferred embodiment of the 
present invention. Device 20 is preferably implanted in the pelvic region of a patient, as 
described further hereinbelow, for use in providing muscle and/or nerve stimulation so as to 
10 control and treat urinary urge incontinence.' 

Device 20 comprises a control unit 22 and electrodes 27 and 29, coupled thereto by 
electrical leads 24. Additionally, device 20 optionally comprises at least one additional 
physiological sensor 44, such as a miniature ultrasound transducer, one or more accelerometers, 
a pressure transducer or other sensors known in the art. The control unit preferably comprises 
circuitry for sensing electrical signals received by electrodes 27 and 29, such as electromyogram 
(EMG) signals, along with signals from sensor 44. Control unit 22 additionally comprises 
circuitry for applying electrical stimulation waveforms to one or both of the electrodes 
responsive to the signals. Details of control unit 22 and electrodes 27 and 29 are preferably as 
described in the above-mentioned patent application entitled "Incontinence Treatment Device," 
with appropriate changes as described hereinbelow or as are otherwise indicated by clinical and 
engineering considerations thai will be clear to those skilled in the an. 

The electrodes are preferably flexible intramuscular-type wire electrodes, about 1-5 mm 
long and 50-100 microns in diameter, thus designed to minimize patient discomfort. They are 
typically formed in the shape of a spiral or hook, as is known in the an, so that they can be easily 
and permanently anchored in the muscle. The wire from which the electrodes are made 
comprises a suitable conductive material, preferably a biocompatible metal such as silver, a 
platinum/iridium alloy C90/10) or a itickel/chromium alloy. Lead 24 is preferably 5-10 cm long 
and has an insulating jacket preferably comprising nylon, polyurethane, Teflon or other flexible, 
biocompatible insulating material. An optional additional wire (not shown) inside the jacket 
serves as an antenna for the purpose of wireless communications with device 20, as described 
further hereinbelow. 

Control unit 22 preferably contains circuitry, described further hereinbelow with 

references to Figs. 3, 4 and 5, for receiving electrical signals from and applying a waveform to 
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electrodes 27 and 29 via lead 24. The circuitry is preferably contained in e case, made of 
stainless steel or other suitable biocompatible metal, and is preferably about 20 rum in diameter 
and 4 mm thick. For some applications, the stainless steel case serves as a ground electrode for 
electrodes 27 and 29 when they are sensing or stimulating in a bipolar mode. Alternatively, the 
case may be made of a plastic material which is coated with a layer of biocompatible plastic, such 
as polymsthyl methacrylate (PMMA) or silicone. Although two electrodes and one sensor are 
Shown attached to the control unit in Fig. 1, it is possible to use only a single electrode or, 
alternatively, additional electrodes and/or other sensors, as described further hereinbelow. 
B. Anatomical and surgical considerations 

Fig. 2A is a schematic, partly sectional illustration showing the genitourinary anatomy of 
a female patient 3 1 in whom device 20 is implanted, in accordance with a preferred embodiment 
of the present invention. It will be understood that, with appropriate changes, device 20 may be 
implanted in or coupled to a male patient. In this embodiment, electrode 27 is inserted into a 
muscle 32, such as the levator ani muscle, in a vicinity of urethra 34 and bladder 36. Electrode 
29 is inserted into the patient's detrusor muscle 37, which surrounds bladder 36. Alternatively 
or additionally, electrodes 27 and 29, or additional electrodes not shown in the figure, may be 
placed in other muscles of the pelvic floor. 

The precise placement of the electrodes is typically not essential, particularly since 
electrical signals tend to pass among the different muscles in the region. Thus, any placement of 
the electrode in or on one or more of the pelvic muscles suitable for exercising urine control is 
considered to be within the scope of this embodiment of the present invention. The electrodes 
are preferably inserted through an incision made in the wall of vagina 42. Alternatively, another 
suitable approach may be chosen for ease of access and minimization of tissue trauma. 

Control unit 22 is preferably implanted under the skin in the genitopelvic region of 
2 5 patient 3 1 . Most preferably, the control unit is implanted inside the patient's labia minora 3S or 
in the labia raajora 40. Alternatively, the control unit is not implanted in the patient's body, but 
is instead maintained outside the body, connected by leads 24 to the electrodes. This 
configuration is convenient particularly for an initial test period, during which the effectiveness 
of device 20 in treating a given patient is evaluated before permanent implantation. 

Fig. 2B is a schematic, partly sectional illustration showing the genitourinary anatomy of 
patient 31 in whom device 20 is implanted, in accordance with another preferred embodiment of 
the present invention Preferably, control unit 22 is implanted in a vicinity of the sacral spine, as 

Shown, but may alternatively be implanted in the abdomen or in the pelvis. According to this 
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embodiment, the control unit drives electrode 27 to stimulate a. nerve that innervates one or 
more muscles which are responsible for urine conirol. Typically, a sacraJ nerve is simulated, so 
as to control the flow of urine from the bladder. 

Generally the choice of implantation location for the control unit, as well as which 
particular nerve is to be stimulated, is made by the patient's physician, responsive tQ the patient's 
condition and other surgical considerations. Preferably, elecrrode 29 (Fig. 2A), is implanted in 
the detrusor muscle or in another pelvic muscle, and provides EMG signals for analysis by the 
control unit. Further preferably, as described hereinbelow, electrode 29 conveys to the control 
unit EMG signals responsive to bladder contractions associated with imminent urge 
incontinence, whereupon ihe control unit drives electrode 27 to stimulate the sacral nerve and 
drives electrode 29 to stimulate the pelvic muscle. 
C Signal pi-6£es$ing 

(i) hardware and. algorithms 
Fig. 3 is a schematic block diagram showing circuitry used in control unit 22 to receive 
signals from and apply electrical waveforms to electrode 27, in accordance with a preferred 
embodiment of the present invention. Although in this embodiment device 20 is described as 
operating in a unipolar mode, the principles described hereinbelow are applicable to bipolar 
operation as well, in which both electrodes 27 and 29 are active. 

Electrode 27 receives EMG signals from muscle 32, which are conveyed via a switch 46, 
which is normally closed, to the input of an amplifier 4S> preferably a low-noise operational 
amplifier. Amplified signals output from amplifier 48 are digitized by an analog/digital (A/D) 
converter 50 and conveyed to a central processing unit (CPU) 52, preferably a microprocessor. 
Preferably, although not necessarily, the amplified signals are not rectified prior to being 
digitized, to allow various forms of analysis for example, spectral analysis, to be performed on 
the raw data, without the distortion imparted by rectification, CPU 52 preferably analyzes these 
signals and/or signals from other physiological sensors, such as ultrasound pressure, and 
acceleration sensors described hereinbelow, to determine whether they fit a pattern indicating 
that incontinence, I.e., involuntary urine Bow from bladder 36, is likely to result. The analysis 
preferably comprises a spectral analysis and an analysis of EMG signal magnitude and rate. 
Responsive to a determination that incontinence is likely, a pulse generator 54 conveys electrical 
pulses to electrode 27, as described hereinbelow. 

Optionally, sensor 44 comprises a miniaturized ultrasound transducer; which is implanted 

in proximity to bladder 36. Signals from the transducer are conveyed to control unit 22 for 
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analysis. p^culariy so tt to enabie the controJ ^ tQ ^ ^ ^ ^ 

blazer. When :he bladder is empty, there is no need to actuate electrodes 27 and ^ even 
when a transient incase in the electrogram (EMG) signal, would otherwise indicate an 
merged polity o£ !nunijiem inCcnimenc , ^ £MQ ^ 

analyzed to gain an indication of the uri*e volume in d» bladder, since when the bladder is foil 
the average EMG acrivity typicaJIy increases. 

The CPU is preferably programmed to distinguish between Continence-related patterns 
and other signal patterns not associated with incontinence, such as sisals generated when 
patient 31 wishes to pass urine voluntarily. Preferably, the CPU gathers long-term statistical 
-nfonnatton regarding the EMG and the "signals from the other sensors, and anafy^ the 
^formation to W common signal patterns that are characteristic of patient 31. The leaded 
patterns are used in refining decision crireria used by the CPU in determining whether or not to 
apply waveforms to the electrodes. 

00 simulation of a Typical EMG 
Fig- 6 is a grap h that schematically illustrates resu lts of a simulation experiment in 
accordance with a preferred embodiment of the p reseat Mention, including a simulated EMG 
signal 100 of a woman suffering from incontinence. A viable, adaptive threshold level 102 is 
marked on rhe graph. Over the course of several hours, as the woman's bladder Sfl level 
merges, the average level of EMG signai 100 increases according, m this cample, threshold 
level 102 * computed so as to increase as a function of the average EMG. Alternatively or 
additionally, „ level 102 and a plurality of other rime-varymg detection parameters are 
calculated as functions of other features of the EMG signal or of other aspects of the woman's 
condmon (particularly a, measured by sensor, 44, 76 and 78 (F ig . 4 », and are used separately or 
m combmanon in determining whether to apply stimulation to inhibit involuntary urine flow 
Adaptive threshold level 102 enables five possible incidents of incontinence, marked by 
excursus ,04 of signal 100 over level 102, to be detected reliably, with a low false alaxm rate 
On the other hand, if a 6x ed threshold level 106 is used, as i s lenoum h * e ^ a nunjber , f 
EMG excursus 1 04 are missed, and the false alarm rate is high. 

(W experimentally measured EMG signals: distinguishing 

iiicontitigncejrottr voluntary voiding 

He 7 includes S ra phs no m d 112 tta schemaloOly Must*. « !x6mattS 
^» «* bsfore , during ^ rter votaMy voidjng rf ^ 
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> 10. Th. u p?er trace in both graphs inustrarea „.. ine Oow , wbtreb ^ begiraiM Ma 
v=«u„ tBr/ flow are raarksd by „ ows The 1owct ^ mustatK ^ ^ 

L a penod preceding voiding, an EMC signa, U4 shows sub m „rial hi s „. frs01JCJ1Ci , 
anuvuy, wn.ch ls se=erally ind;ci , ve of , „ . ^ Heh . ft ^ spifces ta s . enai ■ * 
wh.cn none appear in F% . „ would bc by cpu n m sjgns ^ 

an EMS SlgMl , , 6 , ,„ ^ thers „ a ,„„ „„, ^ fc ^ ^ X 

,s abated with voiunuuy ecrivauon of the pelvic Socr m ^ ftr ^ 

unne from ihfe bladder as 's a latpr tfirnai ns? ^ ■ ... " * 

' er Stgnal 1 1 8 durin S V0,dra S- Therefore, CPU 52 analyzes not 

1 0 on* the ieve, o f !ha EMC ^ but , ms of ^ Qf ^ fe (o 

berweeu voteary and invoiunrary ergons oftbe pelvic ^ ^ ^ ^ ^ 
.a character of votary voiding, no s.inudadon is applicd by pulsa generator 54 

ft* 8 (nor to scale) includes two graphs, showing: W data recorded during a series of 
periods A, B. C and D, represent aagaa tafora. during, and after urinarion. and M pra tes0 
ontaa wth „ spect M tee ^ fcr aotiviti(M rf ^ ft ^ ^ 

™~e, in icc „danca vv ith a preferred embodiment of the P r«se„, mvtcth n. Bladto 
pressure data ,40 and EMC data ,50 shown in Kg. S ara baaed on „ and a figure in «. 

Tn 7 CKl b °° k ' Urhmy * 35) ' wbidl dK "** * ™mnt^ voiding of 

activate the pulse generator. 

During period A, the blnddar filla, whiuh filling is praatab , y isc<stci mi 
such by the control unir. Norabiy, in period A ftara U a siow. araady incraaaa in biaddar 

Bladder P ra SS ura S een ,o incraaaa aba^iy during voiding period B. in conrp^on to the alow 
nrorease of perrod A. Dun'n, period C, voiding was tennuaatad. During periodD. ,h. bladder 
fine „ aub^y *. same K51M er e S in period A, aa described. Equation ofpe[iods B Md 
C shows rt ,r ,be EMG aigna, has cssenriahy aero .agniuuda during voiding and durin, ds 

the EMC anovor hladder P ressure h . prefe!Ied ^ £ontro| j_ 

PUlse generaror 5a „ apply puls „ „ 
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voKhng. For sxarap „, in m i]Uen(jew CO!uJucte:1 ^ ^ ^ ^ 

detemttneo chat . particular patient scneralIy onIy urge ^ ^ , 

«a follows volllI ,^ voiiins . Tie conrro , ^ nay thra ^ m - 
and m „ SK pulse a?ptaiM 0 „ e hcur ^ ^ ^ ^ 

anbseouen, enact »f.** voiding is detected. Ahensativdy or ^tiona,*, , he 
generator ma y be actuated by the control urit when the average magaintde of the EMG exceeds 
a speeded threshold, further amatively or 4ddi«KmaH y . «he calibration period may fach.de a 
trains period, in which ,he control « continue sanrples the EMG signal, and in which the 
patten, rfcatea «c the control unit whenever urge incctinence occurs. Darin, or subseguen, 
- to Be .taming period, the concroi „„i, or an carnal processor (not shown) analyzes each 
-on of urge i„c 0 „ linM « t0 deterailIe EpecIS of ^ £M(J ^ ^ 
which can he used during regu ,„ operllio „ of ^ ^ „ ^ ^ ^ 

a P P .canons of.be present invention, the control uui, is operative t0 exeeuie ^ rf rhe ^ 
^^aatotninindzeocdin^teocoutreno^of^einco,,^ It will be approved 
cat these strategies may be applied to other types of incontinence as well, mutatis nrnante. 
£>• Muscle stimulation 

When possible incontinence is detected, CPU 52 opens switch 46 (Kg. 3) and cownmjs 
pnlse generator 54 ,o apply a suitable electrical waveform to etaode 27 so aa ,o admulate 
muscle 32 to contract. Switch 46 is opened in order to avoid fcedback of the Nation 
w^vefotm to etn pIifi et 48, and is dosed ng*n after the wavefonn is tenannated. In *. 
embodtcent shown in Fig. 3, the wavefonn is applied to the electrode in a unipolar ntnda 
wher= m a case 25 of control unit 22 serves as the return (ground, decode, aids mode can be 
useti only when case 25 comprises a conductive BaaM _ ^ ^ ^ ^ ^ ^ 
case, at leas, two erodes are generally needed, in order to administer bipolar stimufarion > Aa 

the wavetom, is tecnnnated snd switch 46 1. dosed after a predated period of tune' 
typtcaUy about 5 sec. has passed. If possible incontinence is sspfa detect at this point the 
waveform is re-applied. 

I. wil, be appreciated that, depending on the particular application, one or mote 
™ » - P-«ice of various entbodimanta of the pre,™ fa vfflti o„ 

2 "7 W,Vtf0m ^ UniPl ' a!iQ M b, ' Pha!iC M " my ha ™ * "» "faanplhudes 
dtriy cycles and/or ^uencies. it has been found genc^y p u, se frequenci=s h ±e 

benveen 5 and 200 Hz ate effceriv, fa engendering connaction of the iev„ot anl »d other pd i 
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muscles, but it may also be possible to use frequencies outside this range, In a preferred 
embodiment, the waveform comprises a bipolar square wave having the following 
characteristics: 

• Current 30-100 ml 

• Voltage 9-15 V, 

« Pulse width 0. 1-2.0 rns, variable in increments of 0.1 ms, and 

• Pulse repetition rate 20-50 Hz, preferably 20-30 Hz. 

.Alternatively, the waveform may comprise a decaying square wave, sinusoid or sawtooth 
or have any other shape found tc be suitable. Further alternatively or additionally, the waveform 
may comprise one or more bursts of short pulses, each pulse preferably less than 1 ms in 
duration. Generally, appropriate waveforms and parameters thereof are determined during the 
initial test period. 

Provision of power to the control unit 

Power is supplied ro the elements of control unit 22 by a battery 56, which may comprise 
a primary battery (non-rechargeAble) and/or a rechargeable battery. Alternatively, a 
super-capacitor, as is known in the an, may be used to store and provide the electrical power. If 
a rechargeable battery or super-capaciror is used, it is preferably recharged via an inductive coil 
5S or antenna, which receives energy by magnetic induction from an exremaJ magnetic field 
charging source (not shown) held in proximity to the pelvis of patient 31. The magnetic field 
causes a current to flow in coil 58, which is rectified by a rectifier 60 and furnished to charge 
battery 56. An optional coil 28, coupled to CPU 52 for the purpose of wireless communications 
with device 20, may also be used for charging the battery. 

Preferably, battery 56 comprises a Standard battery, such as a lithium battery, having a 
nominaJ output of 3 volts. Most preferably, pulse generator 54 comprises a DC/DC convener, 
as is known in the art, and a capacitor, which is charged by the DC/DC converter to a constant, 
stepped-up voltage level regardless of the precise battery voltage, which may vary between 3.5 
and 1,8 volts. The same DC/DC converter, or another similar device, preferably supplies power 
to other circuit components of control unit 22. 

K External communication with the control unit 

An inductive arrangement using coil 28, is preferably used to program the CPU, using an 
external programming device (not shown) with a suitable antenna. Alternatively, the 
programming device generates a modulated magnetic field to communicate with a receiver inside 
case 25, which preferably senses the field using a Hall effect transducer. Such programming may 



* 



WO 00/19939 

PCT/IL99/0052S 

■»»-. for exantp,,,, t0 56t „ rapli[ul(e „ ^ Qf ^ 

2r those thai - nM (c -°- 11058 *" hdicite «***>. ^ 

7** T imPWd C<Jn,ral "* - " d ° ffaS d ^ * »«*■ « «** — . over 
the area of her pelvis. " 

Although the circuit bIooks ,„ ^ ^ „ m show) ^ etenMB| ^ ^ 

of th«a block* are preftraWy in , ^ 0f inMsrMd dreu . t 

10 is known in the art. 

<?. Utilization of other sensors 

H» 4 is a schistic block ditujran, itaradng . .nuscle ^ 
accordant* with an active embodiment of she ptesetts tovamioi , Devic8 „ „ mbs V 

elecmtde, funushtng eIectrotnyo S r.phic sign*,* vU « to antpnfier 48. aa described 

^abov, „ md M my ^ ooupjed ^ ^ 

ampkner 48. P u ,se ssnemor 54 ^ ^ 

in a bipolar mode. 

0 • addition to or instead of the ei=ctromyo g rap„ic signals received from electron* 29 

CPL racaives additional sigIa , s from other ' 

ultrasound transducer 44 /shnwn in f;* *j\ * 

uc-r w (shown i„F, g . 2) , apreMures< ^ or ^ m Kcdmaoa 

75. or other rvp« of strain „„ m otioo n^oram™ device,. „ ara known to the art Pressure 

-»1 pra.urt that raay lM d to tovotaar, aHna ,o S , SWiarly. !aKor 78 „ 

prafarabiy m p lantcd so „ K de[eci ^ ^ 

^ooiatad ^ uttoa ,o S , „e addMoa, sismls Som these 
«*-d by the CPU tosether with tha aiactro^phic ^ i„ order t o itoprova tb 
a=oor,o y and rcliabiUry of detection of impending toatioence. 

laads ^ 79 18 Pra6n6ly ^ " *■ tisSU ' 

D 1" PhySi °' 08iCa, mCa — -^T- ^ - *• « 

Strode, tends to causa tha hnpadance to increase, so tha, the sthnuiatin, corr, m for a tfven 
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applied voltage decreases. The impedance measured by server 79 Is used as a feedback signal 
instructing CPU 52 to increase the voltage, so chat a generally constant level of stimulation 
current is maimained. 

H. Reduction of power consumption 
'> Fig. 5 is a schematic block diagram Showing details of signal processing circuitry SO for 

use in device 20 or 120, in accordance with a preferred embodiment of the present invention. In 
order to detect impending incontinence with adequate reliability, A/D converter 50 outimally 
samples the EMG signals from the electrodes at 1000-5000 Hs T and CPU 52 preferably performs 
a detailed analysis of the sample stream Systems for incontinence control known in the art 
operating at sample rates below 1000 Hz,' cannot adequately distinguish between signals thai 
may be indicative of incontinence and those that are not. For the purpose of such high-rate 
sampling, CPU 52 preferably comprises a low-power, software-programmable processor If 
A/D converter 50 and CPU 52 were tc operate continuously, however, battery 56 would rapidly 
run down. Therefore, circuitry 80 comprises a low-power, low-resolution A/D converter 84 and 
hard-coded processing logic 86, which operate continuously at a low sampling rate, preferably at 
about l00 -200 Hz. Input from amplifier 48 to A/D converter 84 is preferably rectified by a 
rectifier 82. 

In operation, A/D converter 50 and CPU 52 are normally maintained in a standby state, 
in which their power consumption is negligible. When logic 86, operating at the low sampling 
rate, detects EMG signals that may be a precursor to incontinence, it signals A/D convener 50 to 
begin sampling at the high rate, m order not to lose significant data from the brief period before 
A/D converter 50 and CPU 52 turn on. signals from A/D converter 84 are preferably stored in a 
cyclic (or first -m first-out) queue 88, such as a delay line. The entire sequence of ^ 
d«**on and processing is estimated to take between 5 and 20 ms, up to the point at which 
CPU 52 reaches a decision as to whether or not to actuate pulse generator 54. Pulse generation 
takes between 1 and 20 ms. with the result that contraction of the pelvic muscles begins within 
15-50 ms of the onset ofincreased EMG activity indicating impending urine loss. Thus urethra 

34 ts substantially closed off before any significant amount of urine can leak out. 

As shown in Fig. 5, EMG inputs from electrodes 27 and 29 are preferably amplified 

before processing in a differential configuration, so as to afford enhanced sensitivity and 

reduced noise. Electrodes 27 and 29 are coupled to respective differential preamplifiers 87 and 

89. the outputs of which are differentially amplified by amplifier 43. 
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Although preferred embodiments of the present invention are described hereinabove with 
reference 10 treatment of urinary 'irge incontinence, it will be appreciated tHar the principles of 
the present inveniion may be applied as well to :reat other rypes of incontinence, such as stress 
inconnr.encs, and zo treat and eriiancs :he function of other muscles in the body. 
5 ft will be appreciated by persons skilled in the art that the present invention is not limited 

to what has been particularly shown and described hereinabove. Rather, the scope of the present 
inveniion includes both combinations and sub-combinations of the various features described 
hereinabove, as well as variations and modifications thereof that are not in the prior art which 
would occur to persons skilled in the art upon reading the foregoing description. 
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